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Our successful interaction with the world around us, that is, our ability to grasp, manipulate, or defend ourselves against external objects, is greatly facilitated by orienting attention to those selective regions of space where interactions with external objects are likely to occur. Visual targets appearing in the space near a hand, for example, are prioritised for attentional processing over targets appearing outside of reach (Reed, Grubb, & Steele, 2006) . Peripersonal space around the hand is encoded by bimodal visuo-tactile neurons in hand-centred coordinates (see Graziano & Gross, 1998) , in similar frontoparietal neural networks as those supporting spatial attention and action preparation (e.g. Corbetta, 1998; Graziano, Hu, & Gross,1997; Kalaska & Crammond, 1995; Macaluso, Frith, & Driver, 2002; Rushworth, Johansen-Berg, Göbel, & Devlin, 2003) . Attentional prioritisation occurs because the presence of a hand recruits additional neural substrates representing peripersonal space near the hand, which increases the salience of that region of space, compared to other locations less relevant for future actions.
Viewing the hand(s) can have profound effects, not only on visual-spatial attention, but also on tactile-spatial selective processing. For example, seeing one's own hand can ameliorate deficits in both visual-spatial selection (di Pellegrino & Frassinetti, depends on the availability of visual information early in life (e.g. Röder, Rösler, & Spence, 2004) . In line with this, viewing both hands during sustained attention to tactile targets on one hand was found to facilitate tactile-spatial selection (Sambo, Gillmeister, & Forster, 2009 ) and to activate parietal regions involved in multimodal spatial representations (Macaluso, Frith, & Driver, 2000) .
At present it is not known whether viewing one's own hand also facilitates tactilespatial selection between fingers of the same hand. It has been suggested that within-and between-hand selection may operate at different stages of processing (Eimer & Forster, 2003a) , and two recent studies have reported earlier effects of within-hand selection but delayed effects of between-hand selection in congenitally blind, compared to sighted, observers (Forster, Eardley, & Eimer, 2007; Röder, Föcker, Hötting, & Spence, 2008) .
This suggests that putative differences between these attentional mechanisms may be linked to the recruitment of external (visual-)spatial frameworks and/or to vision-related differences in the tuning of somatosensory representations. The present study tested the effects of viewing the hand(s) on within-and between-hand selection in sighted observers. In sustained tactile-spatial attention tasks, observers selected between adjacent fingers of the same hand (within-hand task) and between homologous fingers of both hands placed at an equivalent distance (between-hand task). Fingers were either both visible (fingers visible) or covered from view (fingers covered) throughout separate blocks. We compared ERPs to touch at attended and unattended fingers as a function of task and vision. 
Methods

Participants
Sixteen participants (nine men; all right-handed; mean age = 26.3) gave informed written consent and were paid for their participation. The study was approved by the local ethics committee and conducted in accordance with the 1964 Declaration of Helsinki.
Stimuli and Materials
Participants' hands were covered by a wooden board with a viewing window,
which was either open (fingers visible) or closed (fingers covered). Tactile stimuli were presented using two 12-volt solenoids, masked by white noise (65 dB SPL). The rod of the solenoid contacted the fingertip for 200ms for tactile non-targets (single taps), and the 200-ms contact was interrupted for 4 ms half-way through presentation for tactile targets (double taps). Vocal responses to targets at attended locations were recorded with a freestanding microphone.
Design and Procedure
Participants placed index and middle fingers of their left or right hand (withinhand task), or their left and right index fingers (between-hand task), on two tactile stimulators placed 2 cm to the left and right of a central fixation point, with the fingertips pointing away from the body (see Figure 1 ). In separate blocks they continually attended to either the left or the right finger to detect and vocally respond ("pa") to infrequent tactile targets (double taps) at that finger, ignoring tactile stimuli at the other finger (see Table 1 ). They were instructed to maintain fixation on a white marker, which was -
Each trial consisted of the 200-ms presentation of a tactile stimulus at either the attended or unattended finger, followed by a 1000-ms blank interval (total response time window: 1200ms), followed by a random intertrial interval (200-600 ms). Each participant completed two blocks of 72 trials of each combination of task (within-and between-hand), vision (fingers visible and fingers covered) and attended side (left and right), in counterbalanced order (see Table 1 ). Each of the 16 blocks was composed of 60 non-target trials (30 non-targets at the attended and 30 at the unattended finger), and twelve target trials (8 targets at the attended finger, requiring a vocal response, and 4 at the unattended finger).
EEG recording and ERP analysis
EEG was recorded with Ag/AgCl electrodes from Fp1, Fp2, F3, Fz, F4, FC5, FC1, FCz, FC2, FC6, T7, C3, Cz, C4, T8, CP5, CP1, CP2, CP6, P7, P3, Pz, P4, P8, O1
and O2 (subset of the international 10-10 system), referenced to the earlobes. Horizontal EOG was recorded bipolarly from the outer canthi of both eyes; vertical EOG from above and below the right eye. EEG was amplified, band-pass filtered at 0.01 -100 Hz, digitised at 500 Hz, and filtered off-line with a low pass filter of 40 Hz. EEG, HEOG and VEOG were epoched for a period from 100 ms before to 400 ms after the onset of the tactile stimulus. Trials with horizontal or vertical eye movements (HEOG or VEOG exceeding ± 40 µV relative to the 100-ms pre-stimulus baseline), eye blinks or other artefacts (a voltage exceeding ± 70 µV at any electrode relative to pre-stimulus baseline) measured in this interval were excluded from analysis. ERPs to non-targets were averaged relative to pre-stimulus baseline for all combinations of attention (attended vs. unattended finger), task (within-hand vs. between-hand task), vision (fingers visible vs. - Effects of tactile-spatial selection in the between-hand task were first present for the P100 component (95 -125 ms). An overall ANOVA showed an interaction between attention, task, and electrode (F(8,120) = 6.68, P = .003). Separate ANOVAs for each task showed that there were no attentional effects in the within-hand task 
Discussion
Previous studies have shown that tactile-spatial attention can be facilitated by viewing the hand(s) (e.g. Làdavas et al., 2000; Sambo et al., 2009 ). Using somatosensory ERPs as indices of tactile-spatial attention, we tested whether attentional selection between fingers of the same hand is affected by vision in the same way as selection between fingers of different hands. We found that viewing the fingers had dramatically observers (Röder et al., 2008) , suggesting that the external spatial framework provided by developmental vision may facilitate tactile-spatial selection between the hands.
However, blind observers were also shown to have effects of within-hand selection at earlier stages of somatosensory processing (P100, N140) than sighted observers (Nd) (Forster et al., 2007) . Since somatosensory representations in the congenitally blind may be more fine-tuned than in the sighted (see Röder et al., 2008) , and since the location of adjacent fingers can be described along purely somatotopic, rather than external spatial, Shibuya, Takahashi, & Kitazawa, 2007) , improved within-hand selection may be due to superior somatosensory representations of the fingers whenever spatial selection occurs within somatotopic frameworks (i.e. within-hand). Taken together with the results of the present study, this suggests that, in the sighted, on-line visual information may facilitate between-hand selection by reinforcing tactile localisation in external spatial frames of reference, but interfere with within-hand tactile-spatial selection by affecting the somatosensory representations of the fingers. In the following, we will discuss how these different mechanisms may account for our findings.
Effects of viewing both hands on between-hand tactile-spatial selection depend on hand distance in external space
Since the hands are represented in external spatial coordinates, visual information about their relative locations may be expected to enhance tactile-spatial selection. Indeed, our earlier study (Sambo et al., 2009 ) showed that viewing the hands (placed at some distance from each other) led to effects of attentional selection at earlier somatosensory components (P100, N140) than not viewing the hands (Nd). This effect was not replicated in the present study, where viewing the hands (placed close together) had no effects on tactile-spatial attentional modulations (P100, Nd). Taken together, these observations suggest that the interactions between spatial attentional mechanisms and those subserving the representation of peripersonal space near the hand(s) can be profoundly affected by the distance between the two hands in external space.
Specifically, the facilitatory effects of viewing the hands on tactile-spatial selection arise only when the hands are sufficiently separated in external space, and this visual facilitation is diminished or altogether absent when selecting between hands in close spatial proximity. Tactile selection is generally more effective at greater distances between the hands (e.g. Driver & Grossenbacher, 1996; Eimer et al., 2004) because more distant tactile event locations are more likely to represent separate sources of information (Gillmeister, Adler, & Forster, 2009) . Similarly, temporal order judgments (TOJs) for tactile events on the hands improve not only for greater distances between hands (Shore, Gray, Spry, & Spence, 2005) , but also when greater distances are merely illusory by providing false visual feedback (Gallace & Spence, 2005) . Thus, tactile-spatial selection may be facilitated by the availability of additional (visual) spatial information about the relative distance of the hands in external space, possibly through interactions between the frontoparietal networks involved in spatial attention and the (visual-tactile) representation of peripersonal space around the hands, respectively. Such interactions may also reinforce the remapping of tactile information into references frames based on external spatial coordinates (see Röder et al., 2004) . Intriguingly, our results suggest that such remapping, or other facilitatory interactions between spatial attention and hand-centred peripersonal spatial networks, may not necessarily take place when the hands are close.
This may be because any visually-induced increase in salience of space near one hand would essentially serve to facilitate spatial attention and future actions also with the other hand. Further studies may clarify the precise mechanisms underlying these interactions between vision and hand position effects.
Effects of viewing adjacent fingers on within-hand tactile-spatial selection If similar tactile-attentional mechanisms supported the selection of fingers within and between hands, it might be expected that, like between-hand selection, within-hand selection would be unaffected by vision, since the viewed fingers were in close spatial proximity in both cases. Instead, we found that viewing adjacent fingers of the same hand abolished the attentional modulations observed at early somatosensory components P45 and N80 when fingers were covered. Importantly, this is the first study to show that viewing adjacent fingers of the same hand can have detrimental effects on tactile-spatial selection.
Several mechanisms may be proposed to explain this adverse effect of vision.
First, a conflict between tactile-and visual-spatial selection processes brought about by attending selectively to touch on one finger while both fingers were visible may account for the absence of early-latency effects of tactile-spatial within-hand selection when fingers were visible. Similarly, TOJs for touch on fingers of the same hand can be adversely affected by incongruent spatiotemporal dynamics of visual events presented close to the touched fingers (Shibuya et al., 2007) , similar to comparable visual-tactile congruency studies (e.g. Yamamoto & Kitazawa, 2001) . If this were the case, however, one would expect a similar conflict to arise also during vision of the fingers in our between-hand task. Instead, we found that vision had detrimental effects on tactile-spatial within-hand selection, but not on between-hand selection, suggesting that these adverse effects are specific to fingers of the same hand.
Alternatively, simultaneous visual exposure to adjacent fingers may modulate tactile-spatial selection by affecting their (adjacent) somatosensory representations. Since the fingers engage in a myriad of sensorimotor functions, somatosensory cortex may need to continuously adapt to the demands of specific tasks and stimulation patterns in order to optimally process afferent inputs. For example, selective attention between adjacent fingers typically causes instantaneous changes in SI that sharpen the contrast between the representations of attended and unattended (unseen) fingers through lateral inhibitory processes (Braun, Haug, Wiech, Birbaumer, Elbert, & Roberts, 2002; Iguchi, Hoshi, & Hashimoto, 2001) , which enables the more efficient filtering of tactile inputs at selected locations. When adjacent fingers of the same hand are viewed, however, this filtering of attended inputs may be absent until later processing stages, as shown in our study.
Since such visual-tactile interactions arise in a bimodal system, vision and touch may be both independently and jointly capable of inducing similar exposure effects on the processing of touch in SI (Harris, Arabzadeh, Moore, & Clifford, 2007) . In line with this, both vision of the hand and tactile exposure have been shown to lead to changes in the cortical organisation of SI (e.g. Elbert, Pantev, Wienbruch, Rockstroh, & Taub, 1995; Schäfer, Heinze, & Rotte, 2005a; Taylor-Clarke, Kennett, & Haggard, 2002) , and to concomitant improvements in tactile spatial acuity at the stimulated finger(s) (e.g. Kennett, Taylor-Clarke, & Haggard, 2000; Pleger, Dinse, Ragert, Schwenkreis, Malin, & Tegenthoff, 2001; Schäfer, Heinze, & Rotte, 2005b) . Interestingly, however, SI cortical reorganisation due to temporally correlated tactile exposure (Braun, Schweizer, Elbert, Birbaumer, & Taub, 2000; Braun, Wilms, Schweizer, Godde, Preissl, Birbaumer, 2000; Godde, Spengler, & Dinse, 1996; Rockstroh, Vanni, Elbert, & Hari, 1998; Sterr, Müller, Elbert, Rockstroh, Pantev, & Taub, 1998) , can also compromise observers' ability to localise tactile stimuli to the correct finger Sterr et al., 1998) . We propose that the effects of viewing both index and 
